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This article discusses a method for finding the software development project in which the
developed software may cause at least one software failure in its operational phase. For this, we
analyze the data sets which were obtained before the test phase as the results of questionnaire
from the real domestic software development companies. In particular, the data sets consist of
not quantitative variables but qualitative ones. As a result of the actual data analysis, we found
that the Random Forests showed better performance against the logistic regression analysis with
dummy variables.
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?????????????????????????
???????????????????IPA/SEC????
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?????????5267?????????????1???
? 1??????????????Bug??0???????
???NonBug????????????????????
????????????????????
(3) ???????
??????????????????????????
???????????????????????????
???????????????????????????
???????????????????????????
???????????????????????????
??????????????????????????
????????????????? 1?2?: : :?n ????
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ID = 2????? x2;4 ??????????? x2;4 = e??
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?? e? fx2;41 x2;42 x2;43 x2;44g = f0 0 0 1g???????
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???????????????? A????40?? (??
?)?? 114?? (???)?????????? B????
58?? (???)?? 169?? (???)?????
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ID x11 x12 x13 x21 x22 x23 x31 x32 x41 x42 x43 x44 x51 x52 x61 y
1 0 0 0 1 0 0 0 0 0 0 1 0 0 1 1 31
2 0 0 0 0 0 0 0 1 0 0 0 1 1 0 1 15
3 1 0 0 0 1 0 1 0 0 0 1 0 0 0 0 92
4 0 1 0 0 1 0 0 1 1 0 0 0 1 0 0 65
5 0 0 0 1 0 0 1 0 0 1 0 0 0 1 1 35
6 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 89
7 1 0 0 0 0 1 0 0 0 0 1 0 1 0 1 79
8 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 32
9 0 1 0 0 0 0 1 0 0 0 0 1 1 0 0 38
10 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 46
? 1????????????
ID x1 x2 x3 x4 x5 x6 y
1 a b a d c b 31
2 a a c e b b 15
3 b c b d a a 92
4 c c c b b a 65
5 a b b c c b 35
6 c a a c c a 89
7 b d a d b b 79
8 d b a a a b 32
9 c a b e b a 38
10 a b c a a a 46
3. Random Forests
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H(S ) =  
X
ci
p(ci)  log2 p(ci)? (1)
?????????????S ???????ci ???? S
????????????????????????p(ci)?
S ?????? ci ??????????????????
???????????????????????????
???????????????????????????
????????????????????
I = H(S )  
X
K=L;R
jS K j
jS j H(S
K)? (2)
?????????? S L ???????????????
???????????????????????????
???S R ????????????? (2) ???????
??????? S R; S L ????????????????
?????? (2)???????????????????
???????????????????????????
????????????? I ?????????????
???????????????????????????
??????????? N j ??????? S j ??????
?????????????????????8>>>>>>>><>>>>>>>>:
I(i) = H(S j)  PK=L;R jS kj(i)jS j H(S kj(i))?
i = arg max
i2
I(i)?
(3)
??????????? S kj(i)???? j??? S j ??
??????? i ??????????????????
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????????????????????
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N(S t)?
????? = arg max
c j
P(C jjv0)?
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? 5?Random Forests?????????????????
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???????????????????????????
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???????????????????????????
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 ?????????
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˜ j 2 ???????
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˜ j ???????????? j ?????????
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 =
j˜ jj
jj ? (5)
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????? Pt(cijS j)????????Random Forest???
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c) Random Forests???
??Random Forests??????????????Random
Forests ???????? 7 ??????????????
???v0???????????v0??? T1;T2; :::;TT ? T
???????????????????????v0???
????????????????????????????
??????????????????????????t
?????? Tt ????????????????v0??
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P(C jjv0) = 1T
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????? = arg max
c j
P(C jjv0)?
(6)
? 7? Random Forests?????????
(3) Random Forests????
???? Random Forests ??????????????
??Random Forests??????????????????
???????????????????????????
????????????????? [3, 7]?
???????????????????????????
???????????????????????????
????????????????????????????
?????????????????Random Forests???
???????????????????????????
???????? (Mean Decrease Impurity; MDI)?????
??????????????? (Mean Decrease Accuracy;
MDA)????????????MDI?MDA??????
???????
a) MDI(Mean Decrease Impurity)
MDI? Random Forests???????????????
???????????????????????????
????????????????????3.1.b?????
???????????????????????????
???????????????????????????
???????????????????????????
????? (Gini Index)????????????????
?????????? S ? K ?????? ci ??????
??????
H(S ) = 1  
KX
k=1
P2(ck)? (7)
???????
???? x j ??????? MDI ??????????
Random Forests ????? x j ???? vi j ???????
ti = fck j1  k  Kg???????????? vi = (vi j ti) (i =
1; 2; : : : ; N)????????? t = 1; 2; :::; T ???? t??
????????? x j ????? MDIImpt(x j) ?????
?????????????????
MDIImpt(x j) =
X
i2Mtn ˜Mt
Ii()
jMtn ˜Mt j
? (8)
????????Mt; ˜Mt ????? t??????????
???????????????????????????
??????????????Ii() ? i ????????
???? (? (2))??????????? x j ???????
MDIImp(x j) ?????Random Forest ?????????
??
MDIImp(x j) = 1T
TX
t=1
Impi(x j)? (9)
??????????????????????????
MDI????????????????????
b) MDA(Mean Decrease Accuracy)
???????Random Forests ???????????
????? S ????????????????????
???????????????????????????
S ??????????????????????????
????????????????????? OOB(Out-Of-
Bug)?????????????????????? OOB
??????????????????? 8 ??????
?????????????????????i = 1; 2; :::; ˜N
????????? x1; x2; :::; xN ??????? N ????
????????? ti = (ck j1  k  K) ????????
? v˜i = (vi1 vi2 : : : viN)? OOB????????? ˜N ??
OOB????????????????????? Random
Forests ???????????????????????
???????????????????????????
????????? ?????? j?????? x j ??
???????????? j?????? v1 j; v2 j; :::; v ˜N j ?
???????????????????????????
? 8? MDA??????
????? v0i ????????????? vi j ??????
????????????????  j ?????????
? x j ?????????????? MDAImp(x j)?????
??????????
MDAImp(x j) =  j   ? (10)
?????????????? x j????????????
??????? x0j ??????????????????
? (10)????????????????????????
?????? 0????????????????????
???????????????????????????
???????? x j ?????????????????
????????????x j ????????????
4. ??
?????????????????? A,??????
B??????????????????????????
? Random Forests???????????????????
???????????????????????????
???????????????????????????
???????????????????????? A ?
??????? B????????? 405  115?258  170
???????????????????????????
???????????????????????????
Random Forests????????????????????
??????????????????????
(1) ?????????
????? Random Forests ???????????? 3
???????????
? 3? Random Forests???????
?? ?? ?
ntree ?????? 500
mtry ?????????????? pm m :????
(2) ????
??????????????????????????
???????????????????????????
????????????????????????????
???????????????????????????
???????????????????????????
? 9? leave-one-out?????
? 4?????????????
??
Bug NonBug
?? Bug N1 N2
NonBug N3 N4
????? leave-one-out ???????????????
????????????????????Random Forests
????MDI ???? MDA ?????????????
???????????????????????????
???????????????????????????
?????????????????????? (stepwise
forward selection method)???????????
(3) ?????????????????
??????????????????????????
???????????????????? leave-one-out?
???????????leave-one-out????? 9????
???????????????????????????
???????????????????????????
???????????????????????????
???????????????????????????
??????????????????? N ??????
????????? 4?????????????????
??????????? (11),? (12),? (13)??????
????
??? = N1 + N4
N
? (11)
????????? = N2
N
? (12)
????????? = N3
N
? (13)
?????????????
? 5??????? A???????????? (????
???????)?
Random Forests ?????????
???   ???  
75:3% 13:6% 11:1% 65:4% 16:2% 18:4%
? 6??????? B???????????? (????
???????)?
Random Forests ?????????
???   ???  
72:5% 18:2% 9:3% 66:4% 17:4% 16:2%
? 7 ??????? A ???? MDA ?????????
???? Random Forests ????? (?????????
??)?
?????? ????  
?????? 75:3% 13:6% 11:1%
?????? 76:0% 12:6% 11:4%
?????? 74:8% 14:6% 10:6%
?????? 73:5% 16:0% 10:4%
? 8??????? A????MDI???????????
?? Random Forests????? (???????????)?
?????? ????  
?????? 74:8% 13:8% 11:4%
?????? 75:8% 12:6% 11:6%
?????? 76:0% 14:3% 9:6%
?????? 73:4% 15:3% 10:9%
? 9 ??????? B ???? MDA ?????????
???? Random Forests ????? (?????????
??)?
?????? ????  
?????? 70:5% 19:0% 10:5%
?????? 71:3% 18:6% 10:1%
?????? 72:5% 19:0% 8:5%
?????? 69:8% 22:5% 7:8%
? 10??????? B???? MDI ?????????
???? Random Forests ????? (?????????
??)?
?????? ????  
?????? 70:5% 19:8% 9:7%
?????? 73:6% 18:6% 7:8%
?????? 70:5% 20:5% 8:9%
?????? 70:2% 21:3% 8:5%
? 5, ? 6 ??????? A ??????? B ????
Random Forests????????????????????
??????????? ?????????? ????
???????????????????????????
???????????????????????????
??????????????????? Random Forests
??????????????????????????
???????????????????????????
??????? 7?? 8?? 9?? 10 ? Random Forests ?
???????????????????????????
???2???????????????????????
???????????????????????????
??????????????
5. ??
Random Forests???????????? A??????
? B?????????????????????????
?????? Random Forests ?????????????
?????????????Random Forests???????
???????????????????????????
???????????????????????????
???????????????????????????
???????????????????????????
??  ???????????????????????
???????????????????????????
????????? ? Random Forests????????
????????? ????????????????
???????????????????????????
?????????????  >  ??????????
???????????????????????????
???????????????????????????
??????????????????????MDI???
?MDA?????????????????Random Forests
???????????????????????????
???????????????????????????
?????????????????Random Forests???
???????????????????????????
???????????????????????????
???????????????????????????
??? Random Forests?????????????? 2?
????????????????????????
6. ????
??????????????????????????
???????????????????????????
??????????????????????????
???????????????????????????
???????????????????????????
??????????????? Random Forests ????
? 2?????????????????????????
???????????Random Forests?????????
??????????????????  ???????
???????????????????????????
???????????????????????????
???????????????????????????
???????????????????????????
?????????
2???? 7?? 8???????????? 5?Random Forests?
? 9?? 10???????????? 6? Random Forests???
???????????Random Forests ????????????
????????????????????
??
??????????????????????????
?????????????????????????
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